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(57) Abstract : 

PROBLEM TO BE SOLVED: To prevent the value of spontaneous 
polarization from deteriorating when forming a ferroelectric 
thin film, especially a PbTi03 ferroelectric thin film on a 
substrate composed of an Si single crystal, etc . 
SOLUTION: This laminated thin film is formed on an Si single 
crystal substrate and composed of an electroconductive 
intermediate thin film and a ferroelectric thin film laminated 
through the electroconductive intermediate thin film. The 
ferroelectric thin film is a ( 001 ) oriented epitaxial film 
having a perovskite structure . The electroconductive 
intermediate thin film is an epitaxial film and the 
ferroelectric thin film is composed of an oxide, etc., 
containing Pb and Ti. The electroconductive intermediate thin 
film has the perovskite structure and is composed of an oxide, 
etc. , containing Ru . 
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M*a**i-* (0 0 1) ffirSj^tf^^r^-V 
jfeSSJifSK. 

IB** 2 ] m&m&&*mnm<oi£&&* s i x i o 
3 QcmfijiT-efosit*^ i <r>mmnm. 

[«#«3] •*ieM«*fl**«>»a* t 2~5 0niiT? 
*»>. gnaWmttflWWEOff*** 0 - 3~50nm-Cfc 
SfS*« 1 2 OffiJI??^. 

^•^Sc J: 0 v^*3S l ~ 3 <ov>-F *v*»0>8lJi*Ro 
[I*** 5 ] ttiasiMimiWW©** 1 2 - 5 o o r *> 

SffiT&JS 1 ~4rov->i*tt* : ><73SS*K. 
[§»*Jf 6 ] StIIES«* s S i *.^f B S«-C*fe SIS* 1 ! 
i ~ 5 rov^fW'OSIilR. 

v * a«-c fo 5 '< y ^ r »ss tt fe *fC v ^ a w*« 6 

Nd. Eu, Tb, Dy, Ho, Yb, Y, Sm, G 
d, E r « itfL a Wi'>4< i t> 1 SWf 

±S5clg) , Pb, TiftfeVCOmU SS^f-lta* 
(Pb + R) /T i =0. 8~1 . 3, 
Pb/ (Pb+R) =0. 5~0. 9 9 

[fs*i i o ] *rE3Mi«**w-* i ^" c * Ti©e 

OiWTtfZr. Nb. Tb, H f fcttfC e ©'> 
4< ifcl«-eil*S*fCV^III**8*fctt9»SMI 



[I*** 1 1 1 ttJ!E&S8mtt:?SI8£a s P b , T i feitf 

Pb/T i =0. 8~1 . 3. 
O/T i =2. 7~3. 3 

Iif!*igi2] ffirfla*«tt*iBi*K* s . ^b^*^ 

*Jg 1 ~ l loi ^-f ixi^SJl^Ko 
lf»*4 1 3 ] R*Jfi l ~ 1 2 rov^i* tifr<oWBffl& 

icKU *WMKi LT'J>fc< t t>IMt»i3itfT i Ox 
(l£x£l. 9) trffl^v SMstt*****®*?* 1 '' 

[1**414] jK»»*»&«tt3*i'a5c*»W* tt;4r 



P b/T i =E(Pb/Ti) , 
t U 

P b/T i = F(Pb/Ti) , 

E(Pb/Ti)/F(Pb/Ti) = 1 . 5~3. 5 
t tt SS** 1 ! 1 3 <Dmmffl&Z>2l&%&' 
[ff*J3ll5] WHUtXxt^** 

[|««16] S«gWjaS4r5 0 0-7 0 OlCtUT 
**Mf5lt*«l 3-1 BOV^filWiHW®* 

[000 1] 

[0 0 0 2] 

[ft*©!**!?] ^«^SS«-C-fc2)S i«g±K» tt 
20 m^BS. MtfMK, «MWfcUfc« 

^ * 9 ♦ ^^-'^ 
flsi:iS^(* : troiSa^-&t?*t?»*> SQUID, v'a-fe 

t**mwe*Ls i»««!Mfe>*u 

•frto-rort, watt**!)-. ** 
fas. wJ:t5*^-ry^oEic <# • m***H* = 

30 OPTO-ELECTRONIC INTEGRATED CIRCUITS) S*t 
[0 0 0 3] rix60« : f^ f ^^»-* v '" c « 

[0 0 0 4] Lfc^o-C, is*?, .h&LfcJfcfflSrBtti: 
tf. J. A. P. 76(12). 15. 7833(1994) left. MgOlffiil: 
[0005] fcfc'U jiBSiro^M^fcCffli"*^*^ 

*T®iS-t?fcS. LA^L, Si (100) S«±>wttA 
tt»A»4B a T i 03 (0 0 1) m-ErtlK«r**i- 
S*if, Si ***«S±lwHl-E«3«»«ff»" lfejS 

50 (4, »1¥8- 2 1 7 8 8 4 -fH£lw*S^-C S i £*Nlg 
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[0006] ua»u s iss±c»**hftm* 

[0 0 0 7] ±ISJ. A. P. 76(12), 15, 7833(1994) 

■*>A. P. L59(20), 11. 2524(1 991) -eH, S i 
ttft<MgO*tt*a«fi«rfflV^»^KoV^t?tt*>S 

[0 0 0 8] tliT, 8 
6 6 2 5*lt*V^. *-*^«» (PbTi03) teBr 
^©^S^i&^O^**^* 11 ^* ***** 

JS*«S-tfc*-E*«i UtMtS; ittj«U< . 

[0 0 0 9] f-*v||»*!!««*Kr4, :«B4»Pb 
TiOs, PLT (LaiiBPbTiOa) , PZT (P 
bZr03-PbTiOsBS«!) , PLZT (La 
PbZr03-PbTiOi|g*) &® 

as toon ji«mwt©j»^« < 00 

PbT ioa^s imnM>m»±.K- (ooi) *-ei*i 

bTiOi«t»*tSi, (ooi)ElHtli 

(100) E.ftlg&t&mtE^lzVtH ^a* 1 *** 

n-c, ^miMMw****** t>*u <«<* o, m 

g Olffi±C«tti^t 9 *<«M*ffi< 4oTL4 

HJS^Mvf. PZT*PLZT*#Hv*fe*i-C^a<o 
[0 0 10] ±3fiLfcJ:$K:. *±«5c*«*^*^ 



8* S i HUtiSlR-kfcm-BI*** L"C»rti-* r. t 

tttt#b*ntCV\ m»ttPb T i OsfcS i 

*«JLLfc*-Efl*fc i t 

fcofc. S i H«tt»»S*fflv^»*0>=.«>±3ttHH 

COSH!*. £AT»J: ?tw%x.5>^5. 
[0 0 11] SiJiiyMgOl^fnfcPbTiOs 

(4 2. exio-VCt-fcO, MgOoWWH* <i 

70 4xi o- 6 /^c) cit'««u</h*v\ L«^t, m 

t«pbTi OsWBI«)»J««**6 0 0*C 

^^icsa*-efttPi-5i§m-ep bT i 03«8&©ifc 

i-5 < t5K:6»»*««>«:T***i:6. £»9I 
o3St)^^fP^«t5tUX, PbT i Oitt (00 
l) EfiSS&t (10 0) E«tt*fc« I *«E"*" sKj, ' f 
(10 0) Bi4tt*i*> «W*KQC 

(0 0 1) Krtl®BI4: «e-=>fc t # »CI*^C*<C3I<»« 
9£*jW»E-r*-i:fc**fc*' (OOl)Efti: 
(10 0) Elttt****^^* K> * 
t> SSSItS^^tt* 5 ® < * o f U * 5 . 
[001 2] 

[00i3l*»l«lt s UMSJMSt*»fc*** 

»**ftW*«{«wwi, 



40 [0014] 

(i) ~ (i 6) ro^Wi' i "Jit^^HS. 

(001) EIS]^^^^^^"^ 



( 2 ) tillB^mtt* MWBWJttStt** 1 x l 0 3 Qcm 

50 ^T-C-fc5±IE (l) roffiJIiSK. 
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(3) 1fr&mi!&&n& a >BiSV2~S0™K*> y >. 

(i) (2) ©aim 

(4) ^^m^wnm^m^mn^^m^^ 

±o*#v*±e (i) ~ (3) ©vw*i*»»«JWM*. 

(5) sdi5^®#»^^ S2 ~ 500 " efo5 - tlB 
(1 ) ~ (4) wrtii>*n&9W&. 

( 6 ) ureases i ****»«-<?*> (1) ~ 

(5) rov^i*ix*>©WJiSHBi. 

(7) DCS ii^SMi: *>fS«- iW*^"' 



( s ) wimmmn^»mi-'p^ < i t> p b * *irr i 
t«tr»fls«*»fc*a-te (i) ~ (7) »wr*t*«> 

(9) tteMMWWW* 1 ' R (R** Pr ^ Nd * 

E«. Tb. Dy. Ho, Vb. Y. Sm. Gd, Er 
*5£tf L a *»&»*hfc*4< *> 1 «®*^*» 
*) . Pb. TiftfetfCOm^ 
(Pb+R) /T i =0. 8~1. 3, 
Pb/ (Pb+R) =0. 5~0. 9 9 

-efe5±ta (8) n&mnm. 

(10) |1llE5*il«**)«^ v ^^ T i »6 OW* 
%£TF#Zr, Nb. Ta. H f tSXXfC e (D'pti. < t 
fcHrO«M*l-CV^.be (8) O) <*>»® 



d°i) mwm&tomm&-Ph^ -r i&xvofrh 

P b/T i =0. 8~1 . 3, 
O/T i =2. 7-3. 3 

-e*>a-fcja (s) rofliiBWfi. 
(1 2) Htna^mtt^Fa*^ 5 ^ Xc, ^ ; *^ h1Sit 

(l) ~ (11) (O^-fM^WtW-Ko 

(i 3) ±ib (i) ~ (12) wrtifrn&aBfttX: 

fc*U U*4<HWI«»WT i Ox 

(1 s xS1 . 9 ) fcfflv\ Hflstt#**r*»R£*l* 

d4) ss^KA^wjesnsx^rois^it* 

P b/T i =E(Pb/Ti) . 
P b/T i = F(Pb/Ti) . 
E(Pb/Ti)/F(Pb/Tl) = 1 • 5~3. 5 

fc*«±e (is) o«i»Bo*a**. 

(15) Kflstt^fcbT, '>4< tt)-»*7S?* 
yWfcLfc»*«rffl^5±IE (13) ifcti (1 4) (On 



(16) S«<o«JC«r5 0 0-7 0 0'Ci:U-C*»«r 

*T5±ta (is) ~ (1 5) ^'^^* iro * s ^^ ro!S!i 

[0 0 15] 

■ fc Ky-fvAiattbttv^ (00 l) m-iefaESfcL 
■C 6 - 1 * * * - SM»«**K«> 

5„ *fc, l^«* vxfc ** !)-**K> 

[0 0 16] fflltt****^***'-*^*'* 

20 % 0 1 7] *T, HXfcfc. a«««m«>'Vv>* 

J|ai£j8lt5e»£W«9:fc 0, ' v ' C * M "*- ***** 
tffl-fcPbT i Oai-i-S. PbTi03*SS»*. 
i3V^a«©*&^^* s 0. 3 8 9 7nm, cttlW&^JS 
$#0 4 1 4 7m©jE#*«>l**"e*9. [0 0 1] 

30 r«H*»b. i3S^ffif±> 

[0 0 18] ikl:, S i IMS***^****^* 
*ftUfcPbT10ifWtoV^#A6. mm<Ote& 

OXtfe ootwiti: (ooi) El*©****** 1 

sit. aflajnicsuxftHSiiBiW-ttmi-s-ti- 

« PbTiOatSit ttlMBBtt** 1 ** * fc 
14 2 6X1 0-Vttfc*), i©f»*^UfcaHx. s 

i s&*si±6 o ot*bffl*f««w | aw i * v, " c 

it P b T i 03<75»5i#.le:l-tfc* s <'^* t51,5l^e 
cif*, *L</h*v*. -Hii. si 

bTiOiOtWitt^K** 1 *"* 6 ' rW 
fc*, »*P*. p b Ti03»Bllctt5lo»9flf**ft 

50 CT^fc. 



(5) 



IfrfflW-l 0-287494 



8 



[0 0 181 Z\*3&$K~ SiMS±fc»***fcP b 

-«0§|o310J6*t«lBi-6fc»K» PbTi03*SI 
(4 (0 0 1) GfflttAfc U0 0) Elftlt*i:#»ttU 

[0 0 2 0]*«fl-ei*. PbT i Oa 

B, «*.tfP b T i Osfnrec*. (001) Bffl&A 
i'(10 0) efl»ft*#»ttUfcK^:'«a»Ki: 

[0021] sit, *&mz&^x, sft»mff»K*» 

Wftfc UPbTi Ostrflvv *«<fe*lMm*iM* 
RuO»*r»v\ /<»77lWMW»M*^" CP 
[0 0 2 21 Si (10 0)*lt»±CPt«l 

tr3itr^*^/n««**fcs i (ioo) /Pt (o 
0 1) U rroJifcPbT iO 

3 (0 0 1) ^BISr ;x -i^^ :J E"^ -, f'' VE ^^ : ^' ti:5 ^^' ,;10 

0*Ci:-r5i. 6 0 0*CICj3»-t5 a IfctDtt^feStt. P 
t/V^ffeflO. 3 94 2nnu PbTi03^^ 
0. 3 9 6 8 nmTNfc P5#IBI-»± 5 ^ * ^ b 

10 0 2 3] wsLt*\£***s**'axmmi:<i>mK-$. 

^^-V^o^T, H2*rHV*TflWH-a. ®2lc*3 
(a) »4, SSi*^* 5 ^^^* 0 "^ 
*»***U (b) 14. )W#»tt5*lfS^7^y 
hfc!Ri|3r*S»&4:*U (c) 14. io"C 5 ^ 

yoHtWtS*****' Cb) 

fcTtroroiiisrta^u-cv^. (b> warn 

v^CitS. (c) fc*-TJ: 5CfiffitJ:9 5*7 
^y). as^dSKZ $ *l*U4\ ( a ) tw^i-ttHi t W\ C 

[0 0 2 4] s i/p tzm&t\.xf&m 

iSg6 0 CCTPbT i Osil^tSt, jScBHl. 
fltfc*»Ltet*«W* p b T i 03««tt-*5cffi»JS 

±5i:, j*BHwe*»b*a*-c**P-*-saa-^ S i t 



PbT i Oifc«llW3W*«>**** fe * iaL ' r ' p 

bT i 03?*KKtt-&5c©3lo»9£#&3it**3_ 
A*MK. fi)U8Si&£Ki3V>-c® 2 (c) C* 

j*BSiB*fc-*3V^BI2 (b) \£7FZ1n&k5t£&ft 
73 tf>3l£. £ * -V 5 - i * s "? * • 

[0025] S i mtt*««©WB 

7j&, W»»«W>S milMiaHSOW*:*-*^*^ 

5. IOfc»*S«Kt*lS' PbTi03»li*, K 
/-f v«5»*t>fcfc^ (0 0 1) Eft^tf^f-r'Hgl 

[0 0 2 6] Lfc***^ 

[0 0 2 7] ir^> »Sim^»K* s *^ (5 0nm£* 
T, 4#l^3 0nmaT) fc, U 9 MR 

[oo2 8lt:t«Wl-ctt. ^b»cr<c02 (b) 
»«||»P b T i OsfWLfcfc. S r R u 03»)^Sr^b 
40 TSfeKPbT i OaSSI^Sr^lU. r»J:54«li«: 

s.pbTiosaK (o o i) mfift&t (1 0 0) 

^rom-g-^wig^tti-ieB-rat^^bHs. s r 
r u 08»©w«tt«piB»«»*- p b t i o 3 mm<D^ 

fitUi P b T i 03©fe^wa^ttSr»fo«HSrl4 
50 fci-t*kt,h6. «H t »**tt«r»fc^fc**«* (0 
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01) em*** (ioo) em** - 

SJHWIto-r^-croPbTiOafHilKfev* 
-C (0 0 1) EM«>*-K^-f>«Bft*«*:K*i**- 

[00 2 9] mi£-T5 ± 5 K, KRfli^SIKfcffRaff 

£j£lcft9, i^D-Et^ry^itli- 

b * * WKKit'** o fc t <o mm»m»^ 

[0 0 3 0] «8Wlc*v^X, fcmttl'IB******'!* 

feKi|6]±£-&5:i t*s-Ct*. SrRuOsli, *#, 
GdFe03l©jgit&9, Jtro»^«ktta=0. 
5 5 3m, b = 0. 5 5 7nm, c = 0. 7 8 5nim?fe 

^^.^^{gl^n h (pseudo-cub ic^n^^*^ 

14, 6 0 0101:^^0. 3 9 5nm-e*>5. — Pb 
t i os^v^flcroattott^jestiie 0 0*ClC*3W^t 
0. 3 9 6 8nmft<7)-e, j»*fc.P b T i OsBK* S 

&ti>. r©fcft> «JiWt"K*iV^PbTiOiW 

»4 S i l£igf B S«£ffl^fcia£l-&*>* Ll ^ M 
[0 0 3 1] K±oJ:5K:**«-ett, 

s i ****** 

(ooi) Eflro*- y^t-fS^t 

[0 0 3 2] &r%-e. SS««#JW«r*t'*»* B,! 

(4, ^Jxli£ATrot,rod5*PbHXi^o 
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[0 0 3 3] WI?2-2 32 97 4*»»Ctt. Pb 
TiOi. PZT (PbTIOj/PbZrOi) Sfctt 
PLZT (La/PbTiOs/PbZr 03) »Kt, 
M g A 1 2 CM *K t Sr«® Lfc^T 1 d *@}fc**i£#SE« 

/]>$<, «5ttf3ni-3i«ftBri*s»*U^»OE 
«***>«. -fft*^ W4fc*TI*. BfWtOWS^t; 

9, SSft^^tta^ifettft^. 
[0 0 3 4] 2 7 1 5*$HBIwl4. '>ft< 

t», s«tt»g*TiSJii-5i , <z>feei4ft< . ^ft 

s iSffirotlt, 2±0 - 2 " mro 

A l WIJi*»J*U =.»±C B a T i OsttAKfc 

Pb (Zr, Ti) oaiS*Rfci:**i.«'i'3 nm " e20 

is«-er4A i ®@ji*^ut s i «fi±tc#m»mfl« 

<ai4#e>nftv^ 

[0 0 3 5] W6-2 3 6 8 2 6#4ir«iXH* PL 
}g&©3ifl&Sr 1 Hft V U 1 0 J§<5o£2l::8lJi UTSte 

«^B«**tfc*W*liMI«"ett' Ta 2 Os, Si 
02, S i 3 N4^wteigk*«r^LT^n^^*-(' 

<b*«r«*-r«fc». fS!iWfc*tt (oo 

l) m-iai6ll«i:ftb^> &#ft3ii8®t£14#e>ixft 
v. 

r0 [0 0 3 6] «HJP7-3 8 0 0 4-»^W=.tt. '>*< 
«HB3««««:K* t; lt*«>*»«* s,fl!l ** b tt 

^^y^issfts-i^mt-rass^®^*^ 

5g©fEicl4ftV\ H^<0^16(Ei5iJ-CI4, S i »S»* 
jB^m-H 2 0 0rmDimitmtcJ»AL, rra±lcJ5*3 
0nm<OT ilH*J:t;j?$2 0 0nm©P tit«»** 
L, Sbt^, )?*0. 07^»PLZTftf50- 
50 13»nOPZTitt«IW»5. PZTJSJS^O 5 
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iO»*Lfc«k, »*fti-sar«feTtt: (00 1) *-E 

[0 0 3 7] ^i¥7-8 2 0 9 7-g-^«^it, 

j!16«-ett, Nb K-T'LfclWSAS r T i 03Stg± 
Cl, SrTi OsSSKi: B a T i OzMmt SrXSt-^jl 

te^£&t-&tfi-s iXIR^KW-oi^T^Ettt* 
[0 0 3 8] 7-106658 -g^Wdf** 

#<i"SB , *SE**ix'C*3?). rntt*JBWi:Wflai- 

smmftnm (p b t i 03 : Q+femb 0 . 3 9 nm) 

ir^Sim**^ (YA 1 O3 : »^*»0. 3 7nm) 

M\ «R«M»Bta>flPS«ri OnmldgJEU 
ROJ?££0. 8 — 1 0 0nm^j£ffl-C^x.T^5o *L 

e*»S©ft±i s ^bix5. t^t, fSl. 6nm«T 

[0 0 3 9] 4*BH¥ 7-176803 *<* 

mft»Rioa««ag**rSR«*»^3S»36 s E« 

*ttftv\ ra^«0«ft«l "CI*, SillcPt 

JK (P b T i 03) Hp^*^ M!RSSR«»aWK 
(PbZrOs) 1 JIfcfc 19 (ORJSSr 5nmt LT 
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[0 04 0] PHYSICAL REVIEW LETTERS 77, 1628(1996) 
fctt, SrTi Os WttAStE ±iw, &R«# (P b T 
iOs) i^^Si^ (Pbo.72Lao.2803) »R£ 

ftiSfcfi. mSMB^ff^ttra-lffco'C, lOnrru 4 0 
nm£*L(*2 0 OnnrefeSfc*, «Jxfc!*R«tt«:»feft 
tt*5. WMMffctt. Wmtt*l*«rWii-a*0>E 

[ 0 0 4 1 ] Appl. Phys. Lett 68(3), 15, 328(1 996) K 
11, ±E#ffl?7- 1 7 6 8 0 3*4&«OSBSWl £H 
|^ CH^^P b T i 03»^i: P b Z r OaSIt 

5—1 0 0nma>feWR£ix, S li 2 0 OnmTfo 

So rtD^tC^Tt^ ±E#Sfl 5 F7-l 7 6 8 0 3 

»R«tttt»&*t*^. 
[0 0 4 2] dcDJ;?!-. 3»R«flcj»BI4:*tfa 

[0 0 4 3] tt#fcfenTi*SMgOi|i«AX«fcSftR 

Z<Dlt*>, j5RBlfflft)6»6<75?&aiiae^*5tf5a«i:3SiR 

«tf 3«K * <0»fc«*<&* v M£ J: 5 91 o K 19 IS* 

^ (lOOjifiFPli: (0 0 1) eAfcdSRfcLTV^S 

Mg o*«f*WE±oailR«**Bloa:*Sr«l*-J-5fle 

S^RISttR, P b T i Os ^'g•tfitS^E^)J?V^^R 

i--5wtS:prtti: Lfcfcw-e*>«5, S*R«tSfe^*Lv^|fii 

[0 0 4 4] **M«cJ: 5»bttSSJB»»1it36S*#< 
fiJffli-SE«MEft:ftif^#a»Sff«ii*5U^r. -Knfc^tt 

[0 0 4 5] 

TP^atca^i-So 
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[0 0 4-6] g»H»lB 

[0047] 4*5, wws *i««R0>*tsa;»4. i x i 

0 3 Qcm£TF, L < 14 1 0" 7 - 1 O 3 Qcnu 

0" 2 Qcmi:i-5o 
[00 4 8] ttSlttttiVRfcitt* Hadi©ll452iK± 

[oo 4 9] mmmm*\z&rt%%imm&mm<Dm*2 

«tt©3a»«(MJt&Hfiilwl 0 Onm-1 

««***si-;h,fi*v^ 5 o oKiTt-rzo 
[0 0 5 0] mmmm*Mf£-rz>&\zn. *1\ 

5 «fc 5 fcT«G>'« y77 i OBBroJBft*-?'© S 

[0 0 5 1] MHWfWWtOff^ 

£L< #43 Onm^T, S U< tt2 OnmETF* » 

Jiff 4 L < f4 1 0 nm8JlTT\ a>o#£ L < 14 2 nm^_L, 

»^»*L<tt8nmK±T?fc5. 5ftBt«fMHJl»)**^ 

tc *4&K i &Rm#»R i OfRig^^Oat ^2>> 

©A*4r«fti-*fc»lc3i«l«fMMIB4 (10 0) BA 
SgJIi (001) ErtJtt4fc3»»ffofcKy>f^*aiw 
ftotlSJ. §loSR«9«r*'>S*Sfc»^l4. 

*xtftt6>4v\, ^(OffiffiJS*it4, /<77r»li:^ 
»A*-?-g>S*:m y h£Rco#tt^TKifcir-6ri 

ffJttJCE*SrftCSii:Sfc«>(wt4»»« 
#»R#*vM5£J:i\&^ !S»*tt(4»ft* : FO»*i 
B-?oia«i^«ffLr»ai-5*:«), «Sl4*iST?fc 
2nm GK)5*-W» , ff* L< J4 5nmJ4i^»i%*.bix 

7T»®i^ra^jef H fe^^^^^-r v h\cx y&mm 



(8) $*B8¥l 0-287494 

[0 0 5 21 mm,&*rmm<pmis 
mmt^nnmiomzt** »*u<i4 5 onm^T, 

»4t< (43 OnmETF* S b< »2 0nm£AT, 

L<f41 0nm^Tt?teSo »«tt*W»IK* J » 

3SM5»ra«tti&orL*5<o"e, ^^t-«toTi4fi : * 

(4. iMf, «Jl»B4r'fe^te»Wi-*©'C, r©i54 

iisffl»cfts. 
20 [0 0 5 3] ««tt^MIffRr4, MW«#»«Mfcffi« 

HT. — JKICO. 3nmB±"t?*>5-i* s ff*^ x . 
[0 0 5 4] Ml»«(WMBIIritW» 

[0055] BaTi03;PbTi03, 3fr±£I5n^^ 
sfiT^-^V'Uft, PZT (^=^^^Mt») , PLZ 

[0 0 5 6] ^a^^^7>f h^*mo5*>. B a T i O 
3^, PbT i O3*©ft*^o^*^ hlt&tottX 

(4, -«i^fc*S;AB03t?*Six*. a*5± 

XfBft&*ffi'{*l/%&i-o Af4Ca, Ba, Sr. P 
b, K, Na, Li, La*JJ:VCd*»b»tfiXfeia 
l^ltfcS: H^tK, B(4T i , Zr, Ta^J: 
t5Nb3&»6>31tflxfcia£Jl±'C*>Swid s »*b^^ * 

[0 0 5 7] r 5 Lfc^<n^*-f bS<t-&*t-*5it5 
Jt^A/BI4, »*L<I40. 8-1. 3t?fct). ±9 
#£L<I40. 9-1. 2-CfeSo 

[0 0 5 8] A/BSrrcoJ:^4it5HI--rsriHio 

Sr8k#1-5r idsplffi^46fcfe, Kmf*#tt£fcl4& 
B«»tt&Bfc*-rawi#-e&£o rtvic^L, A/B 
^o. 8^-CI4tt4ttOBk»a*dSH«>ft<tt9, 4 
50 fcA/BdU. 3«r«*.5i*9Kft»«^*^BIiH 
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4oTL^5 0 :oiiftA/Btt, riUBftttSrMW-J- 

[0 0 5 9] 4*5, *^^9S-eii, PbTiOaft 4f<Z> 
J: 3(-ABOx(d*5*t5 0^it^x^-r^T3 i ITS 

KJgLfc-^ h«56*»tffc<0a s fc*0>'t\ A 

BOxtC**^, xGDiSlt, 2. 7-3. 3gS 

XhZ> 0 4*3, A/Bli, *#Xl*#W8:J&>b#fcS;i 

[Q 0 6 0] *«^T*ffiV^AB03S^P^^>f 
Mt£*£LTWc, A 1 + B 5+ 03, A 2+ B 4+ 03, A 3+ B 
3+ 03, AxB03, A (B' o. 67 B* 0. 33) 03, A 

(B' 0.33B* 0.67) 03, A (BO. 5 + 3 B0. 5 + 5 ) 03, 
A (Bo. 5 2+ Bo. 5 6 *) 03, A (B0.5 1+ B0.5 7+ ) 03, 
A 3+ (B0.5 2+ B0.5 4 + ) 03, A (BO. 25 1+ B0. 75 5+ ) 
03, A (Bo. 5 3+ B0. 5 4 + ) 02.75, A (Bo.5 2+ Bo.5 
5+ ) 02. yB^V^fntfcoTt 

[0 0 6 1 ] Attfftldl*, PZT, PLZT^Pbl 
Xp^*^ Hfc^ft, CaTi03, BaTi03, P 
bTi03 x KTa03, BiFe03, NaTa03, S 
rTi03, CdTi03 s KNb03, LiNb03, L 

[0 0 6 2] 4*3, _biaPZT(i, PbZrOs-Pb 
T i OzmoWMte-VfoZo ±IBPLZTtt, P 

IBfcllfcfcri,, (P b o. 8 9— o. 8i L ao. 11^0.09) (Z r 

0.65Ti 0.35) 03"C?^c?*X<E>o 

[0 0 6 3] l^o^^^f Mfrfr*G>5'feB 

i *J«Mt«*W\ -ttfc 

B i 2 Am-1 Bn 03m+3 

■CStfrSJtS. -hlB5£t-*3^T, mtel-5tDg&, A 
te, Bi, Ca, Sr, Ba, P b *5<fc T**±H5g* 
(S cfc.fctfY&'Srtf) OV^-ftbd»-C*>»), Bte, T 

i4Ti30i2, SrBi2Ta209, SrBi2Nb209 

[0 0 6 4] *«W(c:«v^5wi:A5»*LV^o^^^ 

^^^7^ hSMfc-&** #J;llf B a T i 03, SrTi 
03, PLZT, PZT, CaTiOa, PbTiO 
3 , #±«5c**#^#^»»*"C*> 

9, * B#£ LV^fcWttB a T i 03, SrTiOa, P 

zts pbTios, %>±m7cm^?-*>mmx*3b 

So 

[0 0 6 5] rftfc© 5 l^fcOli, PbT 

iOa, £fcl*R (Rf±, Pr, Nd, Eu, Tb, D 
y. Ho, Yb, Y, Sm, Gd, E r *3 <fctfL a 
»IRSnfc'>4< ttjl«0*±Ji5ciR) , Pb, Ti 



(9) W1 0-2 8 7 4 9 4 

9, fttS £ Ll^t (DliP b T i 03 "CfoSo pbTi 

t i 02<D^z°**i'vfrmik&n$Lx-% Zo =^¥#* 

S^/MBMbJ-J: *-£ftT*li4V^3fcOP bT i O 

ttG>JBS PbTi O3#*0>i««M4«:*<Jffl 

70 [0 0 6 6] *±«5c*^**"^^it»i: LTtt, 

(P b+R) /T i =0. 8 — 1. 3, 
Pb/ (Pb + R) =0. 5-0. 99 

(Pb+R) /T i =0. 9 — 1. 2, 
Pb/ (Pb+R) =0. 7 — 0. 97 

|B*©*±BI5c«4*^^^IM&«:, 4MW8-1 8 6 
6 2 5fi:B^SJxT^5. ^r±®7ci^$r±faW:^T*P 

[0 0 6 7] *±«7cili4 : fir^^>'K«aJ-*3V^r, R 
30 (4, PbTi OafftM^^S^n^^-f f(D 
AIM Hcfflgi-£Pb£:«ifeU J»*SrSB»*-fr5. 
PbTi03|j:a#: 0. 3897 nm, c (ft : 0 . 41 

«R<E«£j&»i: (Ec) SrfiTS*5wi:^ 

X*t-5o — R&^#±a7C*, flitfCe-eil, 
PbTi Os^BlM K^ffi«i"55n*i:«»-*-2»W 

[0068] #±aa«**^^^»»^*5v^-c, (P 

b + R) / T i ^s/hSi-^sttefittoeksaAsftsaae) 

4<49, (Pb+R) /T i 3&s*#i-rstiSKtti» 
Ko»riWHBI£fcoTL*5. (Pb+R) / 

htiz>o Pb/ (Pb + R) is/h*tf5i, e*»a 

3&S/Jx£ < 4otl* 5 t I^Btl-R*:** 1 0 0 0U±t 
**<4otLS5. Pb/ (Pb+R) 

50 aSk&*+#bteZ>* Pb/ (Pb + R) $:±iaffiiai: 
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(10) 

17 

[0 0 6 9] ^*V&$ai4. — JftlCPb : T i : 0 = 
1:1: 3T*fc£#, **W-CliJKftl1-S R tf>«M3* 
0?»Cj:o-CiHBC0Jt*tt»*9, 2. 7-3. 

[0 0 7 0] 4*5. #±«5c***^^>IHB'Ctt» T 

i <D6 OJS^%£JLTdSZ r , Nb, Ta, Hf*3J;tfC 70 

[0071] aimttfwwBWijatitft 

[0 0 7 2] mn&+m9Kmffim<otiM*<o * «t 

[0 0 7 3] *«tt*l«»Bt«cffiv^S^«fcL-CW:, A 
u, Pt, I r, Os, Re, Pd v Rhfc^Ru^) 
t fc 1 Smt5M¥#4 tf^5&* L 

v\ 

[0 0 7 4] N a C 1 Sttfctt :TiO, VO, NbO, RO 
i-»C:t, R:-WBK±0*±a (ScSsAlfY*:* 
iri , 0^x< l),LiV02« o 30 

[0 0 7 5] * fcT.*/V'?SIMb4* : L 1T12O4. LiMxTi2-xO 
4 M=Li. Al.Cr, 0<x<2), Lii-xMxTi2 04 (r r 

■C, M=Mg,Mn, 0<x<1),LiV204 ( Fe304 ( ^ o 

[0 0 7 6] ^<d^^^ hliBMfc* : ReOs. WOa.MxReO 
3 M^JS,0<x<0. 5).MxW03(rr-C. M=&Jg.O 

<x<0. 5), A2P8W32O1 1 2 C:t?s A=K, Rb, Tl). NaxTayW 
1-yOa 0£x<1.0<y<1). RNb03(rrTN R: 

-mm£k±<Dft±m (Sc*3iWr**tf)). Nai-xSrxNb0 3 

0^x^i),RTi0 3 (rr-t\ r : -l«£i±© 

*&±3I (Sc*5iU r Y«r^tp)),Can + iTin0 3 n + i-y C:t, 40 
n=2, 3 y>0), CaVOs, SrVOs, Ri-xSrxVOs 

r : -mm&>±o%>±m (Sc*s±t/Y*«tf), o^x^ 

l),Ri-xBaxV03(wr-C, R : — «*BLb<0»±JI (Sc 

feitWSr-Stf), O^X^ l),Srn + lVn03n*l-y n 

=1, 2, 3 y>0), Ban + i VnOsn+i-y (w wT, n=1. 2. 

3 y>0).R4BaCu50i3-y C:T, R : -Wm&±<0 

&±m (Sc*5j:tfY«r£tf), 0^y).R5SrCu60is(^r 
T\ R : -««B±0*±SB (Sc*5iUnrSr-&tf)),R2Sr 

CU2O6. 2 (;:t, r :-««a±<o»±S (Sc*5itw 

^tf)),Ri-xSrxV0 3 (ww-C, R : -i«K±©*±* SO 
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(Sc*5,fcWr«r£tf)), CaCr03. SrCrOs, RMnOa (r. rtj, 
R : -«S«±*>*±« (Sc*5^tnr«r-&tf)).Ri-xSrxM 
n0 3 (rrt?, R : -«3S«±£>#±Sg (ScJ3j:tW«r4 
tf). O^x^ D,Ri-xBaxMn0 3 (r r-C, R : -«8W±<0 
*fr±IS (Sc*3j:lWSr*t>) t 0^x^ D.Cai-xRxMnO 
3- y (::t, R : -««BJLL*>*±« (Sc*3j:W«r-S- 
if). O^x^ 1 , 0£y). CaFe0 3 , SrFeOs, BaFe03, SrCoCb. BaC 
0O3, RCo03(rr-C, R : — «a&±0*±SS (Sc*5iV 
Y^-g-tf)),Ri-xSrxCo0 3 (rw-C, R : -1«H±0»± 
IS (ScSsitJYSrSrtri.O^x^ l).Ri-xBaxCo0 3 (rw 

r% R:-a««±«*±a (Scssiwrsr^tri.osx 

^ l),RNi0 3 (rr-C, R:-««a±©*±W (Sc*5£ 
tXY«r£tf)).RCuOa(rrT, R : ~«S^±<E>*±3S 

(Sc&.fcU^Sr^tri). RNbOs (:i"C, R : —UmU-tV> 
#±3S (Sc*3 J; IfY ) , Nbi 2 O2 9 f CaRuOs , Cai - x Rx Ru 
i- y Mny0 3 (rr-e, R:-a^W±<o*±3i (ScisiWf 
Sr^tri. O^x^ l.O£y£ 1 ), SrRu0 3( Cai-xMgxRuOs (r. 
r-C. O^x^l). Cai-xSrxRu03(r 0<x<1),Ba 
Ru03 t Cai-xBaxRu0 3 (rr-C, 0<x<1), (Ba, Sr)Ru03 ( Ba 
i-xKxRu0 3 (wrT% 0<x£l). (R. Na)Ru0 3 (rr"C, 
R : -ffi3SJ^±0*±SS (ScasitfYSr^tri). (R.M)RhO 
3 (::T, R :-ffiS^-tO#±S (SciSAtfYSr-S" 
tr) . M=Ca, Sr. Ba) , Sr I r 0 3 , BaPbOa , (Ba, Sr ) PbOa -yC: 
t\ 0^y<1),BaPbi-xBix03(rrT, 0<x£1). Bai-xKx 
BiOa 0<x^1).Sr(Pb. Sb)03-y(rrT. 0^y< 

1), Sr (Pb. Bi)0 3 -y 0£y<1). Ba(Pb, Sb)0 3 - y (n 

0^y<1),Ba(Pb,Bi)0 3 -y 0^y<1),MMoO 
sCcrT, M=Ca, Sr.Ba), (Ba ( Ca t Sr)Ti0 3 -x ( r r "C, 0^ 
x). 

[0 0 7 7] hmkWfo (K2NiF4^Sr 

<&tri : Rn + iNin0 3 n + i (r R :Ba, Sr, *±3S (Scfc 

«t WSr-^tf)^ 5 *>— a*K-t. n = 1 - 5 . R 

n *iCun03n+i.(mN R : Ba, Sr, 3frdtH (Sc*5«tt/Y$r 

) ^ 5 a«£Jl-h. n= 1-5 ^>«E») , Sr2Ru04, S 
r2Rh04, Ba2Ru04, Ba2Rh04, ^ 0 

[0 0 7 8] /MP^oTSBft* : R2V20?- y C: 
•C, R : -i«£Jl±©#±ji (Sc*5j;W«r£tri.0£y 
<1). Tl2Mn20?-y 0^y<l). R2Mo20?- y C: 

"C x R:-S^±£0^±S (Sc*5£tfY4r4tf).0£y 
<l).R2Ru207-y(^r"C, R :T1.Pb.Bi.*±a (Scioi 
tfYSr-^tf)^ 5 0^y<1), Bi2-xPbxPt 2 -xR 

uxO?- y (C w-C, 0^x^2, 0£y<1). Pb2 (Ru, Pb)0?- y (r 
r-e, 0^y<1),R2Rh207-y(wrT% R : TI.Pb.Bi.Cd, 
#±SS (Sc*sJ:tfY*r*W©5*>-aa«±.0^y<1) i 
R2Pd20?-y(r r.~C, R :TI.Pb.Bi.Cdft±ffl (Scio^O 1 
Y4r^tr)to 5 *>-«K»±. 0^y<1), R2Re2 0?- y C: 
-C, R :Tl t Pb.Bi.Cd.*±3S (Sc*3J:W**tf)o5 *> 
0^y<1),R20s207-y(rw"e, R :TI.Pb.B 
i.Cd.*±« (Sc^JzWSr^W^Jfe-waW^O^y 
<1).R2lr207-y(rr-C, R : Tl f Pb t Bi.Cd.ft±H (Sc 
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*5±irY«r£tr>0> 3 fc-«*«±. 0£y<1). R2Pt 2 0 
M (:;-c, r : Tl i Pb,Bi i Cd.*±a (Scisim^ 
if) <o o -b-mm£i±. OS y < 1 ) 

[0 0 7 9] ^(Di(D8tt : R4Ree0i9(r R: 
-«HW±<£>*±*I (Sc*5J;tJ e Y«r&tr)). R4RU6O19 (r 
rtN R :-tt«£JLb<E*±Ji (Sc*3J:tfY«:^tri).Bi 
3 RU3 On , V2 03 , T i 2 03 , Rh2 03 , VO2 , Cr O2 , Nb0 2 . M0O2 , WO2 , Re 

02,Ru02 t Rh02 ( OsO2, lr02.Pt02.Pd02.V3 05, Vn02n-1 (n=4 

^69O!lE»),Sn02-K(wit?, 0<x<1), La2Mo20?, (M,M 
o)0(::t, M=Na.K. Rb. TI).Mon03n-i (n=4, 8. 9. 10), Mo 
i7047,Pdi-xLix0(rr-C, x^O. InSr^frgtfb 

[0 0 8 0] r^6>o5*>T?ttW«tt^o^*>f Mft 

fiRCo03, RMn03, RNiOs, R2CUO4, 
(R, Sr) C0O3, (R, Sr, Ca) Ru03 v 
(R, Sr) Ru03, SrRu03, (R, Sr) Mn 

OS (RI4, Y&XXfS c«r*tf*±«) . Pb£Ru 

v\, 

[0 0 8 1 ] ^SaiBffe] 

Si (100) Sff©*B(c»^i-5wfcdS»*UV\ 
ro^caffijf iWK£: S i ifitofft ^»*tt*tt 

-5c aJI»K36S (0 0 1) *-ElRj-e*>5»S\ 

K [1 0 0] //Si [0 1 0] S*S0>w ittt 

*>s*. &mmmm [ioo]//si [01 o] a>o 

SSWI»Jg[ioo]//si [oio]T^:t 

[0 0 8 2] 4*3^ ±ERWfc:fcl*SJieftElR]l4* 

#*tt*IBPMi#ft#*T*>S» 

[0083] *&w<Dimmmm&, 

%«T. #*L<t4 5%&T*T?fc£B|-Cfc3. ftlfctf* 

(001) m— eiriir, i-4*>*>cB¥— EftK-ctt, 
2 e - 0 xKHSUr -C (0 0L) BB^oDKWtr-^ 
oMlSd^ (00L) ESMcog^t°-^^S^l 0% 

l^T (0 0 L) 14, (0 0 1) ^(00 2) <t^O*ffi 



(11) »BB¥1 0-2 8 7 4 9 4 

fcU R/?;frft£Ztti£L*:i#, ttA^Xtt. Y$A*3 

£tf>±5 4El5H4* RHEEDBfliT^ybifcll^ 

ftSrS(l£-*"ixtf, atr^^i/ir/UKfcv^So 4*3, R 
HEEDiit S»H5att-7-J»[eI*f (Reflet ion High E 
nergy Electron Diffraction) T?*>5^ RHEEDM 
14, Rffirtlc*5JtS»ftttoElpJO««"C*)S. 
70 [0 0 8 4] #389!"Cti* »R«ft:»IBSl4^n^*>f 
(0 0 1) Efa^f ^^/l^ i"Jfe*>t>* 

(0 0 1) ElR^^^^^'HR* i**©*^!-!* 

(100) EiRioatr^^rS/^/HBt-efcs. 

[0 0 8 5] /<y7r>B 

JB*3±V/*fcJ4«M«r/<y7T»BI4: UTRIt^r. 

[0 0 8 6] EMM**KJBf4, TIBKft^3 = «?A* 
Jid>fe*5j&\ SfcfcTE*±«IMfc**Ji*fcttTfi 
^D^ij^f hT»JiSr&tf*\ TE*±«BMfc»*S 

[0 0 8 7] /<y7 7*«tttO«Sitt, ^tgirfl! 
ttS^^fl, ««Jfl4Seft* I f'IWJiiaJUiJKfc^lW 
^0 [0 0 8 81 ^y^rfWBi U"CO«SJll4, **d*6> 
flUSSix-CV^-Ctiv^ @«i®(4, Tffid©« 

[0 0 8 9] s i#i£f B gt££;iv^i&£\ '<y77l 
Ric^oV^-c, s i ¥»ft»«E«B©«ftffi«c5ptrttteft 

50 /P^«lB"C©ll(rEZFBOBrtm3l45#-T-36»Sr xfo 
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i£ 1. 000<mxFo/nxB^l. 050 

5£ 1. 000<mxFo/nxBll. 020 

SrWE-T 5 r t *s J: 9 #4 L < , 

5£ 1. 00 5^mxFo/nxB^l. 010 

$$£Xfm\$l U±<D&8cX*foZ>o xFO>xBG>»£\ m 

= n = 1 1 ufc i # tc±ia^;S:SJ£-r 5 r. £ ##* tv> 

m<nX*hoXhX^\ Z<nWr&<Om t n i: <Dm.fr 
&t*t (m, n) tt, fllitf (2, 3) , (2, 5) , 

(3, 4) , (3, 5) , (4, 5) ft£#»*Ll^ 
— * % xF0<xBO£#te, m>ni:tMWfe5 0 
rcO^CO (m, n) iLTWu (3, 2) , 

(5, 2) , (4, 3) , (5, 3) , (5, 4) >fc if 

tr * * v * ict ^5 mm t < ft 
(m, n) fc±efcra«-o*>aa s , r^s-g^ft^* 

xb, xFotctt, ^fifi^n^*^ b#3S«rS*iLfc 
mffi*&^t&^^«C$rfflV>So ft*\ S^D^^-f 

(a*, mxsmum) x&>z> 0 *fc, #j;ttfi»aiL^ 

[0 0 9 0] rcDJi^ftftftSrWlS-tSMWWffWKi: 
iaa^c*3V^-c 3*Bi«f«»l«o»^ i^ y77 »R£>te^ 

* C ~ &tg3 I o 31 9 JC^ £r * * >iry>-r 5 r t 
rfc 

[0 0 9 1] ±1BS;(^*3 V^tmxFo/n xB^i^JLTt- 

ft<ft5„ — *\ mxFo/nxB^lt?5^ 

7 r ilil^iSMi^r^ if 9 * > -V /^rt* 6 -fr £ 

[0 0 9 2] KT, ^y^rSIHIi LTfflv^ixSiMb 



(12) ^H¥l 0-2 8 7 4 9 4 

22 

[0 0 9 3] IMbttfBB 

1Mb i*^ 

*±«5c* (S c*5J:TJ<Y«r£tri 
{bSftfclMbiM'Ss*.* (Jc3Eft^ = =T) 

[0 0 9 4] Kft^a — ^^*3±t5K3eft^3-T 
ii. Zn-xRx02-6 (RI1S c :fc ±t*Y«r£tf*±« 

Ce, Nd s GcU Tb, Dy, H o *3«fctfE r *»6>31 
&£*t£'>ft< i l«T?*>5wi!&s#*LV\, 
[0 0 9 5] iMbt^^ O^ffiEfp] 

fc«>Tfc5. jr^wicti, (ooi) iafpjeomffis^ 

^Stt, E*A*fctt¥»4<o (0 0 1) m-iEft-Cifc 
(10 0) ¥-SBfR3TfcSwt^»*L 

J: 5 ft A» ft tt ftttoiMb^ 3 - ^ ^ * ■ * 

[0096] Si (10 0) K^^RIJI 

30 (Zn-xRx02-6) ^ttJI ^i^tv^^) t rtvb^ 

eA^BB«R». Zn-xRxOz-5 (001) //Si 

(ioo) -cfcsr i*s»*uv\ 

[0 0 9 7] Z r O2 J±i««ad»bSffllw36MfCSt*ft— 

Tfc^o Z n-xRx02- 6«©«ftttl4x<DKH(-4St# 
-J- 6. Jpa J. Appl. Phys. 27 (8) L1 404-L1 405 (1 988) 
£*vo>5 J: 51-, x^o. 2*»t»*>S»di*"ClijE 

x^o. 2 

it*a-ettib5*s, (ioo) ¥-SE^i^#bn 

1", (ill) EfR]0>i£fta $ R.Ai"S. — *^ IE*fi^ 
fctt*»* t J- Appl. Phys. 58(6)2407-24 

09(1985) icfcaS^feti/C^SJ: 5 t-s »±5tt5t<0 

#btuTV^ftl\ 

[0 0 9 8] Lfcaso-c, s:*-^ (ioo) *-Erp]i: 

-r-S^i^f-i^x Zn-x Rx O2- 6 (C*3l^Tx(i 0. 2 
50 -0. 7 5T?*>5r.i3&*#*lA\, ZCDm^xOZ-V 
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#*LV^6HH, 0. 2-0. 5 0tfe5 o SHbvv^ 

[o o 9 9] 3f3£<k^== 1 7 P * s 'S'tf*±'B^* tt - s 
6>Jx5fllO»^3£»i:, BMbi^« 

[0 10 0] **3, ^^PiS^^^v^b^^^^ 
-Mi, fl:3fc*;Zr02 "C*t>*ixSi6^ *±Stg*4:* 

m, l*3j:tHi»l-J: 08«©« J »fct, Zn-« R 
x 02- 6fc*5tt*«tt, Stt* 0~0. Si: ft 6. 

[0 10 1] Zn-x Rx O2- 6 t^L&V^Tx^O. 2 * 20 
SlT?*>S«»u Wc, «**!*<*#5c**fc:*3tt5Z 
rOJt*!65 9 3mol»*iBx.5S5>B*^>*ari£*-ei4, ±3* 

[0 10 2] lfc#ot, flff*IS*tt*sJ:W*BBtt^ 

<«/3c5c**fc*3tt5Z r G>Jfc*B\ »^L<ii9 3mo 
IXfi* AD#*L<tt95molX£Jl±, SbCffSKtt 
98mol%^±, *fc#£L<te9 9. 5 mo I 

{tfttffTttZ r02tH f 02t^BtliJiUt^tf, Z 
r020tt*tt. ii*. Zr+Hfeott«S:»U^ 40 
£„ L^o-t, ^JBW^WSZ r 02<75>Bfttt, 
H f t Z r tSrra7c*t**LT3mi*nfc«[T*>5 
H f 02(i*3SWIC*5»tStt{b^=^*A*JI^ 

tev^TZr02i±<n*^awM-*fc». wHttft 

[0 10 3] 3i*3, Bfb**W»£?ej«-*'S»£\ 8Mb 

SfcU S«*ffiftjE^S< (^Jx.(^5nm^S^T) BMb 
£*xTS i 02*ifott{bJIA s 38fiK*ixSwi:3&sfcS. 
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i «w*K<7>*ffifc s i mtmm^tmmirhm^h 
[oio4] *±wmtmim 

%±mmt%0?kmte. Sc, Y, La.Ce, Pr.N 
d\ Sm, Eu, Gd, Tb, Dy, Ho. Er, T 

m, Ybi3j:VLui04<it)ll, «ffcU Ce s P 
r, Nd, Gd, Tb, Dy, Ho^WEr^>4< 

[0105] *4£llMb4feXJI*: (ooi) EftolMb 
*±JMMb»*/itt (ooi) Eifti45o-c, r<z>S 

v?yw =3 ^ T £ JB V * ft: £ # K f * , C - V i^b^^Uv- 
^jW^fetu .w^icjsv^xz r 02ffi*B£lRK:£&« 
»-fb^=»=-*-^3RJi-b^*±SiiWk**» 

<-*-ifc*S"C#a. *fc, *±BIIMb**Ji*r«Mli-* 

^*sj:0A#kftS. *±*!Mb»*JBa s »BS*t"C 

■Mbi^«*-MWltiU JC*^** 5 *— 

EtfeottJ:<, Kff*fiiHi»fiR*s3E{bi-5«»*a 

*±«»^b»*««tc*Mt"C. KflssM'a = 

#|l N Z r^Srft^ifcttftBWI^S^S. - 

3ftS/hS<*53&\ *>5VM4flF«EU*<<C>9* *±SKfb 
i:/<c^o i^i 5 »±*IWb**Ji 

-t z &±m %m t ra- o t> © *m v > s r. £ * u v \ 

[0 10 6] * J fb^=i=:i>A*JB*3j:T/*±SB?'fb1* 

RfcK— tr^^i"St» K^>^>*;— ^^ s ®^u, v — 
R(D«a;**ia±S*S»*d s fc6. Mn, F 

e, co, n i ta¥<Dm&&m7um\z, mwz^^x* 
[0107] s<u-7*i3<< hTmm 

fcAB03SO^n^^>f KS!-fb'&4fc*»bW*SiT' 
<5 B ^n^^>T bT*S»i, ^n^^^ fH^b'S 1 * 
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14, #4L< (4B a T i 03, S r T i Oz&tzltZtlb 

[0 10 8] 0S;itf, itaSLtfiPbT i 03»JK£^if 

Ht5PbT i OsMWmffr»Kfc»5wfctt*Llr* 

B a T i Oa^f^bftS^o^*^ bT»Ji«r^ 

[0 10 9] «3*-t-5««»«r, mk&^^f 

«3ti-SJ: 5*jE** (0 0 1) Eft (1 
0 0) EffiOWaiJiSrWSwirliKLV^s, BaTiO 

[0 1 10] *<v*f*jo4 bT&Jf 14, JE*4-Cfc5i: 
(001) *-Efts tftfc««*Bi:W^c 
(cEft L*:^ r L< , &;£A 

-C*>S£:*i4 (10 0) Eft, "T4te*>S«*B54: 
a Baa**— {'Eft Lfc. ^OTfe 5 r i U 

[0111] *fC, IMb^a^*****^*^* 

hT»Ji£<B«A*ffiH«J4* ^ D ^^^ (0 30 
0 1) HZ n-xRx02- 5 (0 0 1) //Si (10 
0) , ^o^o zf*$t<4 Y [10 0] //Z r i-xRx02- 
8 [10 0] //Si [0 10] Tfc5riW*U^. 

[0 112] 

if fcft«*fettW«ttiMb4fc4rff * L < m^Z> z. k ^ 

203, U2O3 (SnK-/) , RC0O3, RMn 
O3. RNi03, R2CUO4, (R, Sr) C0O3, 
(R, Sr, Ca) Ru03. (R, Sr) RuOs, S 
rRuOa, (R, Sr) MnOs (Rf4, Yfe^t^S c 

[0113] (001) !BiRl^3*R«frSW»4r3KJ« U<t 
5 ««JitijE** (0 0 1) m— EftTfc 

*J&\ (10 0) m-KlfiJ-CfeSwiasffSL 50 
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v\ 

[0 114] IE*A (0 0 1) Eltt*fcttfi*A (1 0 

0) RlRlO««Jl«r«/4LJ:5 ti"S»*. IMfcfctM 
SI4 (0 0 1) EfR]"C$)5^tmu\ 
«*»b*riteft**&U:«WiS:flM*fc (0 0 1) Eft 

[0115] s i WttAStt* *Wi:feJ:l*«B«BW> 

moftAtuMKHffH:* mmnm [100] //m 

[100]//Si [0 10] "Cfo5Ii^9IU\ 4 

s^BBAnasffK (001) //warn (00 

1) //Si (1 0 0) Tfc?»r ftss, r 

li* t 5 *-cf4H«-eka. 

[0 116] ®«Scoit«tn;fi, »4L<lil o- 7 -i 
0 3 Gcm, J:Bff*L<ttl 0- 7 -l 0" 2 Ocirre;fc£ e 

i\ 

[0 117] 

Si.MgO, S r T i 03«<&*«¥*Mia»fe5»W- 

Srt3fts-C#5^ $?£L<I4S i HMSAfcfll^So ml 
a£L*:<fc5t-, s iHUSMffiL-Ctt, Si (10 
0) ffiS:«ffi^^:*i■J5toS:fflv^5r.^:*s^SF*UV^ 
[0 118] #10^, *Btt*Sj:qq>a 

» % Jj£ Att* s A»-C**o*ffi 

[0 119] #J|0«Atttt* XRD (X»lHl«r) l-*5 
(tSKWlf-^^oy^v^*-^^**!^ RHE 

[0120] ajipiR, wmmnxxmitm^nmtt. 

xBla\ifHz&Z> (0 0 2) ffl©S»ooy*^^*-^ 

V^^i:36S»*U\ AFMHJ; t)«SSlx5» 

BfijRz g2pg^ 5 0 0nm) (i, tt 

^1 3 F5®T^ff4U<li2nm^T, i'9H : 4L<ii 
0. 6 Onm^Ttfe^ WttJBTMiff* L< 14 1 Onm^ 

T-efct), ^ftm^»K53ctu t «mtt i f , ra*K-cj4 2nm 

HT, $?4U<I40. 6 Onm^T-efe^e ft*3, w<0<t 
5tt*B«*f4, #i<0*SOff*t< (4 8 0%£A±, 
i'9S 1 4L<i49 0%^±, $b(-« 1 4b<(49 5%W 
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14, Sfi^ffiic:t>fcoT#»*rJBJ«Ufci:*(^ ®S l 

R*ffi©09;ttf 8 0%£Jl±-eR 2 3ftS2nmKT"C*>5i: 
14, ±ISO<tp(ci OffiMEJLbSrWStLfci #i:W8 

0 %^±co@M-C R z *s 2 nm£JLT t?fe Sr*Sfe"f 
5. 4*5x- SSfiSRilt JIS B 0610l;LS5£S;h/tl* 

[0 12 1] d y *y ^-^©WWi^R z 

7° g£, 4° il, ±1BR z <ZTFIWttl4 0 . 

1 Onm^S"Cfc5o 

[0 1 2 2] RHEEDft^ MJ-^ffoo 

[0 12 3] ««JiOffStt, -®t-»*L<ii5 0~ 
SOOrriBfltCfcatf, »*tt*5 J:t«Htt#*tt*>ix 

[0 12 4] K{b**M«<DJ*3tt* -*£:^#£L< 14 
5-5 00nm, J; *)ff*t< »41 0-5 0m"Cfc5a^ 

Stt, 5 0-5 00 nmSI t'fc S I L V \ t£ 

*5, IWblfc^niyiSr^JMIAiri"**** £14 

0. 5nraEJL±T?*>5r.i:!&s»*U<, ^o^btt+BJJI 

[0125] smxm 

2 1 9 8 5 0*, #§B¥9-6 3 9 9 1 -g^SU 
8-1 8 6 6 2 5#«JcH***t'CV^**S*fflV^5 

[0 12 6] KT, M*tt©W«lttt, PrM 
PbTi03 (KT, PPT 4:1^5) JVIR^jai"^ 

[0127] «mno»a^tt 

[0l2 8)lfgilft JlfflsS^^P^Kitbixfc 
JtS<tlaS:*U w<DX2E«ri artfctt, TSfltc&ffi 

14, E«ttt4S:^LT-=E~^ 5 fcffittSixT**!), w£> 

J: 5t-4oTV^ 0 ±15*^314, 
Sffi 2 £#P5?ft1-£ t - ^ 6 «rrt*UTV^S. 
[0129] ^S«SS 1 14, IMttt* *tt«36« 7 frfll 
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(4, Pb03R«ffl9. T i OxJKXAl 0*i.fcWfr±Ji 

(4, *ti?ti<Dm9m<om^ mst<oiz*><o**fl'*- 

[0 13 0] «3K»«iLTlMMfc (PbO) «:JSi*5 

*«KPb^r«v^Si:^f|K5IL■C*««B^{^*Uli< 
i^s PbOSrfflv^SiWaFWSMSSd^b-C*)?), T 

£ 0 T i Ox©#to9fcT i Til4Pb 
o<t 19 fcSMbSiv^i^fcfc, PbO(4T i 
JdJxT P b 4: ft 0 , r.*U36S?5i!K»U"CL*5©-eff*U 
< ftv\ 

[0 13 1] 4*3, T i OxlC*5tf5xl4. #£U<I4 
l£x<l. 9, ±0#*U<l4l£x< 1. 8. £fe 
lc£f£L<f4l. 5£x£l. 7 5, Wc#*L<!4 
1. 6 6£x£l. 7 5tfc5o rco«t5ftT i Ox 14 

JSalflWMtfcixS. r*UC#LT i Ozfi, JRa:*^* 
[0 13 2] £"f, ±1B*^t-*«Sr-fe2X b-t-^o X 

rh,fe<z>5*>T*4S i*ttA«R*5ff*bi\ 
SiHMSA© (10 0) @S:Sffi*Bl-ft^<t 5t-^v> 

®, *±a^t«**, Mil, mmm 

[0 13 3] rtoSat^Si-m, iSKft5SKm*IVK4r 
^:®«ISS. WAtf l Ocii^JsJL-hOffiaSrSoSIEifc 

ij^*^yn-fe^t42~8>r ^^COS i , 

[0 13 4] iKSrltffl^-CJlDWU, PbO, T 

i o«sj:t;p r t % mt&# *t*&$immzm£-t 

&zk\z*9* Sft»m(«VI!l«r»dttXV^<. 
[0 13 5] AljRUa, 5 0 0-7OOU #C5 5 
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0-6 5 Ot:i:i-Swias#*LV\, 5 0 0t*»"Cfc 
CC***.**:. ft28»i£tRtf>S i^fc^EJEU *S 

[0 1 3 6] ±EBMfc1fe*f * i: LTtt\ ^V^, 
JR^tttt*. NO2, 7^#/i«*#*ffl^Swia s -e 

[0 13 7] ECRB3HW:J:5 7^^8 

[0 13 8] Kffl^^^JttatW^KSWrtfcS^L* 

a* e>, ec Ri»w^*»»^ ^ ^*/Wb Lfc»sR^f 

5&i{?#JEI3:, 1 0" 3 -l O-UorrSgtffe^r 

£o<5£<J:<:, r*Uw<fc 9 '>ftv^^»Ait?S«± 

oWiJ-ttl 0" 4 -l 0- 6 TorrOfiV^*^4oTV^So 
R*#*G>#:I&*WU 2-50cc/#, ff*L<tt5- 
2 5cc/#-Cife£ 0 Si^^oilMffi, H£«<D 

[0 13 9] 4HK«Ktt* ®?lf-A§TMttI^ 

s*. s«i-«*&-r-5o dcKa«tt, #*l<m:o. o 

5-1. OOnm/s, £ 9 L < 12 0 . 100-0. 5 
OOnm/sTfeSo 5i:MjiS$r-S 
\z<&^-ttm\^<te ] 0. R^^KU^^ih/N, - 

[0 14 0] T i Ox&&TfP rtt, fltlSLfcl5tf±ft 

R«*«-fl-"Ctt, jBfiR-Tix3&s*<, i«9*ttfi(-jfiv^» 
SSfcfUfllU PbOSK36W36»b<oa«^o«i|!&*itSr, 

»a*ii5pp tr*s*«c*5 ft s it*«c» l»m t -r 

T i i: 0>JBiF-}fc 

P b/T i =E(Pb/Ti) , 

t. »rtSJxfc»R««c*R0JBtf;(-*5tt5Pbi:Ti 
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P b/T i = F<Pb/TiK 

E<Pb/Ti)/F(Pb/Ti> = 1 . 5 — 3 . 5 , 
#£L< 12 

E(Pb/Ti)/F(Pb/Ti) = 1 . 7 — 2. 5, 

E(Pb/Ti)/F(Pb/Ti) = l. 9—2. 3 
b?£Zi><D-efoZ> 0 »3HftP bOfcfcVM*^*:/;**-* 
f«aS(c»^3i*n4v^P bOttS*R*ffiTlf3K»L, 
70 SS1I:{^d/^*>{ h*it<DPPTH*:ttasjS«-r 
5 w ^ tcft£, E(Pb/Ti) /F(Pb/Ti) ri*/h£i~^£ 
iBM>(cPb*:+j)'(cW*&-r6ri36 s HJB4:<Cf9, R*<^> 
(Pb+R) /T i Olt*^iS<tt?)i- ffTSe*ttOK 
V^n^*-< h«3ftt*e>ttV^ — E(Pb/Ti)/ 
F(Pb/Ti)*s**i-«?Sfc, R*<Z> (Pb+R) /Ti 

[0 14 1] &±BW!L;fc:* PbO^^T i O 

rtjct?), p boa^pa^ftvMaff^ hw^-^ b y 
oppTjeads»«±(cea»'&ft*-j*fti*s. w<&*" 

Rj&sf*fe*b5o 
[0142] dcRBfgdS i OarfSaK-L-CfcS*^ 

H3fc*^J:5i£*«S:lHltB*** »-fbtt^^S:*S* 

rK{bRJC«rffi*S : & ; 5r.i:*ST?*S. * 

Kfi^lalOfclil OrpmW-h-CfeSr £^M£Ll\> Is] 

±12 Orpmaft^ftd. 
[0 14 3] £A±, aH»JKO»jfi*j5feO»iWS:KWt 

[0 14 4] £ h\Z, r©*«fe^*5V^TMBE3SR*ffl 

[0 14 5] K±t?tt, P r^**-#>iMB»HS:»* 

±^7c^^Wi--5^^>-Kfe v ^fSR. PbT i Oa» 
PZTRWRttifSrJSai-a**!-^*^^*- w 
50 «4as^ftf>ti5. rftfc<a»R*»J*i-5Btwfc, 



-16- 



57 

T i Ox$rffiV\ E(Pb/Ti)/F(Pb/Ti) ^±12IS[gF*9t 

[0146] W«tt*im»W-fflV^5 P birRu 

*|C#x.T&JKRu£fflV\ ±|B*«fe^»i:T, 
3&»b«l&SixSPb £Ru ir^K^it 

P b/R u = E(Pb/Ru) , 

«ric**tfcSIK«>atiE(-*3WSPbiRu i^W-T- 
P b/R u = F(Pb/Ru) , 

E(Pb/Ru)/F(Pb/Ru) = l. 5 — 3. 5, 
L < 

E(Pb/Ru)/F(Pb/Ru) = 1 . 7 — 2. 5, 

E(Pb/Ru)/F(Pb/Ru) = l. 9 — 2. 3 

[0 14 7] -hE*fttt, B i »lftik4Af«0ICc t> 

foolttf, ro*ifeJCi3V^TPb03K?BjR*B i 2033K 
5 C B i m<Dm^t>. B i *5ia^SJS< §ES^l:fe 

[0 14 8] S i gggffi&g 

[0 14 9] tt**B«>WK^Ji^*5»t*«a*21tt* 

->vu* (3»5£»tt*:#ttJI**) ^*£fi«^&^#rU*: 
rtifi, >tffil«>»4355)!c<ft<4Sr.i:^J: 

vmm\z&tiizi%*<vmm<z>vtu&mk^ r weans 

bTfe^o *©«3t«<btt, Silt, HT-ffiaolg^P 
ma, nb©*#SO«^**#£i:fc*a\ 

[0150] s ia«±«c»{fcftaiK«:=ttr^^v^^ 
ixi«3tft©-c, mcmum**** 
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[o i 5 i] ua*u WJMfcSixfcs i (ioo) 
Bfi* J: 5lw, 1 x 2$*:l*2 x i«3St4 

19, Si (111) 0>*ffitt. 7 X 7^fef^2 X 8«ig 

[0152] rttfeofll^kSlxfc s i *ffili, 

-TSiaS (7 0 0tK±) t 

[0 15 3] 3*w t^b, S i itUSAXtKI^ 

[0 15 4] £©#arCHU 4i\ affitfflliMsSitft: 
S i ¥&A&K«r* ID 3 fc*-r*A^cir y h LTH£ 

So S i&jfc*WB0>ff£li* 0. 2-1 OnmmSti-6 
ffiO«BIAS^F^^i:*6**fetf*><5. ±BR«:10nmi:L 
[0155] ±IBO«DjRli, 3 0 0-7 0 Ot^fifi 

o-i o»FflmSff:^b-c^5o wcott. #&% 
3o-7o t c/^sst't^o aL«*«*i-tffc 

i-rrsfc* si«ffc»i**<ft!»trtt*5. 

[0 15 6] BMfctt#*©*A«\ «*tfK^tt*^4: 
L-C***:«V^»fr, Jta2«rt«:a«Dl xi 0- ? -l 
x i 0- 4 TorrmS^?St-b. ^btt^^At-i 

0" 4 -l x l O^TorrtJiSip^brfTpr 

[0 15 7] ±fSXmm, X^^-eADiar^o ^ffi^Di 

cos ifiAt^ s imktom\z£QQM£iix^&<o 

*tS4if©?S!fe*55S^L3!tv^ JDHSiafttt. 6 00-1 
2 o ot:, 1$iC7 0 0 — 1 1 0 0tit5Ii* s ff*L 

v\ 6 0 0^*1x^5^ s i mSftStSSSt- 1 x 

1 ftfcV^. 1 2 0 0^^5^ SiSib 

[0158] #^T% Z r i3 J: VIMbtt*^^ Z r , 

&±m7tm (s c a3±otY«:4tf) asitfiwktt^^ 

50 fc, Sfi*Bt-«»i-5. w^i§mr, Zr*(OA«li 
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fc*5o HB*|£«mLfcS i J£ft*ffifc:Z r*3j:l*tt 
X* ifcfiZr, *±JH5c**5J:U«*«-J:0, lxi 

[0 15 9] *B«Jttt, RHEEDia^i^^- 

1 x l <7>*ffi«3g©»g\ «^»AJ**rRl^ [110] 
T*H4 (a) |^-fJ:5 4lffiFHJHClo^*^ h» 
— 4 0, A#*;*rft£: [1-10] tcLTt> 

^RJC'** — V'fcft*, — S i *8**»SB 10 
ft, fcfcitf (10 0) an©»^l x 24fctt2x IT* 
1X2^2X1 i:MfitTV^ii®«ligi:4 
So r<Z>J:5 4»frfcli, RHEED^^-yil « 
^OAttir^ [110] Sfctt [l-io] ot^-fix 
j&\ *fcttW*"C, H4 (b) (i^"t-J:5 4lffiFJBfflC 
1 k 2femmC2 tSrfto^^-^^ftS. ixi*>* 

A#t*fla J [110] *3j:US [1-10] ©ffl*"0, 2 

[0160] 4*5, si (ioo) nti^Sffifc 1X1* 20 

KsgMs* < i x i & s i m&mT'&z w t is, 

.tt^F"FTffi"e*>5o 1X2, 2X1, 1X1 V>-f tUDffiTg; 

[0161] Z r , STtteZ r*5J:U 5 *±a7C*fi. - 
ft fc *IMbtt*H«*"?S!S» LTBKbttBt&JBJS; Lfc i 
# ORffsdS o . 3-1 Onm, »tc 3 — 7 nm^g 30 

co^S^O. 3nm*S(-t?fi, S i iMb*0»5cO»* 

IX 1*«-C4<fcsriasfc5. ±ISS iSSKb 
Wi<0ff*©±IB<0#*LVHl*:l Onmt LfcSSli, 
1 OnmZmtLZb, ±|B<0J:5fc&*&«WeLTfcS i 

[0 1 6 21 »{ttt^i LT»**rfflV^»-&(i, 2 
-5 0cc/»a*«*Si-Swt35S»*LV\ BMbtttf* 

T*5< 0 

[0163] ^±mmt^m 

asi"CtCi|S]Sg¥7-9 3 0 2 ^iCifcl^CftSBLfc^ifc 
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[0 16 4] mt^^=^^^^M<o^f&\zhit^x 

^«£A<oj6iMb<0fc«>i;:4 o owirfc^wi^ 
u< , 75 o , ca±-e*>ixr«s*ttic«ixfcBi*# 

&ft, fitt«:1l^tfti:«8 5 

OrKi-CfcSwitfftibl^ 4*3, *JefaSffiOAD 
!Ri&S©±ISW:, 13 0 0*Cfi£Tfc5 o 
[0 16 5] Zr^f^A§-eML» 

^9A*»B*r»*-rs. ABQUEll. ff*L<H:0. 
05-1. OOnm/s, £ 9 #3 U < 1*0 . 100-0. 
5 0 Onm/sk-TZo dUB5iflE^3S-fif 5 fc/fcBBi**:— 

[0 16 6] 4*5, &>fbtt#*GD«g, X 
[0 16 7] Kft^3 = !?A*JBO±^*±Silfc^b* 

i\fttf±i\, ^(ot^omt^^om^w^mm^ 

fttf ±v\, mj»K^*5V^TBI— ^#±«7c*«:«ffli"5 
«^t«M6«:ii:t*?, S«L"C*±5MMbtt*Ji 

[oi6 8] ^<xxr/^^ yTfammwt&jife 

[0 16 9] ifc-fb^ = = 9^*Ji*fci4*±SS8-fb* 
4#b, B a iSctt^T i ^ISSSI^I&t^c SM&S; 

(1, B a : T i = 1 : 1 k tt * «t 5 I^TS ^ fc !&S»* b 
V\ fiR«l»0«*X«0»S*5J:Vj8BHD»OB a/T 
i B a T i OalKOlBfl*^»«SraiS 

■f. BaTiOaK, lMt^A'«*A*Ji (Zn-iR 
xOa- 6) *J±t5S i (1 0 0) S«Otti*ffiBB« 

I^I5^ELfc^f^LV^H#„ i->it>%, BaTiO 
3 (0 0 1) //Z n-xRx02- 6 (0 0 1) //Si (1 
0 0) , ^OB aTiOa [10 0] //Z n-xRx02- 
6 [100] //Si [010] J: 5l-+6fc«>l- 

ii N b a t i ozammz.^\-f^imtBMn 8 o o - 1 

3 0 0t, JfSKtt9 0 0-l 2 0 0 c CdSfi*LV\ 
^S«0»i^B a/T i«»*Jt(i, 1-0, #* 
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&WM\a*T i«Wfci-*£t* s #*iA\ 4*5, Ba 

J»WSIJi*fc«S14»^*i:, 3Bf»tt3ftS«TLTL 

T i JtASaWTft^ofcQ MJ^BaTi 
03lR*SiWii-5 (0 0 1) ElpJ"Ctt4< (110) 
EFrJIw4S!K *fcl± (0 0 1) ElftB aT i OsMtC 
(1 1 0) EiRlfeftdsaaELTL*5. rt*«J»l^li, 
S titc B a 3&ST»«>fiWk^ 3 — 9 * KJE L 
T, BWoElPJ**i" J 5B a T i 03 3ftS#e>JxtC< V^„ 

fflfflttt, BI»^inmaflE£JLT-e*>5«Brt-e*>S. 

[0171] K<b^3 = »>A*ji-^*±«»-fb** 
So ±E*tt«j:i3v^-CMBE3gat*:fflv^rfc, £<l^« 

[oi7 2] m«ji<pflga^fe 
fcswffsuo. jK*wox«asr±. 5 00-7 sot: 

»*©lfc*Sr*L4*se>R f ^Xv^iAtil 1 1- 

fcttu «*.tfp t»flifc:*3ivr. (001) EratfSfif 3 
(ill) Eifttt*isaaA-r*riSrlSCa*36Sfc 

So 

[0173] m^SSr I n SfcttWWtt'* 

Bt^o^^-r YTmm<DMf&x&*mm-rz>^k& 
[0174] ttJB*K^tf#*^/ni 

mLx¥-mk~rz>z. tj&s-ess. r^*y* 



(19) * 4SM¥l 0-2 8 7 4 9 4 

[0175] WI*IRS9&Mtt-« fc , 

/W** #£L< (±3 0 0-8 5 OVs J:'?*** L<I44 
0 0-7 5 0lCt, ff*L<i±l8>BB-3 0»BB, J: 9 

[0 17 6] 4*5, »JitrfT*>4v^a^"Cfc. 5SKm* 
70 #tt*iR]±£*Sfc«>fc:, Steffi; crr^-^^ifiL 

TtJ:V\ r©4»^>T^-/Wi, 8^L<«3 0 0 < C 

6 5 0t«i:> 3ft*o»4L<l4 8 5 OtfilT, .fc^*?* 
L<|j:8 0 0WC, #*U<ttl«WB-3 0»M, 
£9#£L<I4 5-1 5^ratT5o 
[0 17 7] 

[0178] nmmi 

20 7-219850 #, WB¥ 7-2 4 0 6 0 7t 

[0 17 9] ^lods (10 0) E£4aJ: 5Jd«]IBrU T 

mmmmi-tis mma*^- (Si2>fyf) sr^ 
[0180] n^ft\zww£titz®m&£xfi)mmm 

flf&l 0* 6 Torr^t??fti£tSc^^i-<tt)^U/i:^, X 

0rpnrC[E]&£i2\ »**StR#ifitcy X^^b 2 5cc 
/^cOffl-g-CzgAUoo, 6 0 OTCWInffl&Lrt:. C*Lfc 

[0181] iSfc^"C, Sffi^r 9 0 omaof&U 0*5 S 
■£fc Q EWE*li2 Orpmi Lfco :©fcl, yX/^b 
**3Jf^4r2 5cc/»©W-&"e2»AU ItIfSStS±(-i& 
jRZ r blR»S*6 wile J: 5, 2 r O2© 

KJ¥t-^»Ur 5 rani 4 S J: 5fc«»&U 1 x 1 £>3cB 

[0 18 2] $ bt-. gt£t&g&9 0 OTC, S«tHie» 
S:2 0rpmiL, /X/V36»6>K*^Sr2 5cc/»<oW 

S:35K*W*»6>«*&"t-awt«cJ:9, fSlOnmOZrO 

[0 18 3] ftv^, Z r 02^4:7lML*:St5£S£* 
S^Ki: Lt, B a T i 03J^^^JBt£Ufc 0 SS^rS«(4. 
9 0 CClcinHRU 2 0rpm"ClEl(5S-frfc« 

50 ±tc^JSB a t^lT i fc4rSK*W* i blK*S*Sr. k 
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{LX*)^ BaTi03^MLt„ a««JJB^tt, T 

1 rtittSrT i O2g^I^I-ftStT0. 5nm£ft5<fc 
5l£flM&U Sc^tN f£^iIK£rO. 0 5nm/s£LTB 
a T i OaKoff Sfc:»*LT2nm£45 J: 5KT i *5 
±t/B a «:0W&U Jfcv^e* j£Ri£S«:0. 2nm/sl-± 

JJS i o Onme^B a T i OsBt U Si (100)/ZrO 

2 (001 ) (1 Onm) /BaT i 0a (001 ) ( 1 0Onm) tr * * $✓ * /HHiS 

[0 18 4] rtDx^^^rvz-Y^M^ll^ 7 00 
^T-^JSP t $r!fUP tKSr^ricU Si(100)/Zr0 2 
(001) (10nm)/BaTiO3 (001) (1 OOnm) /Pt (001) (100nm)^t° 

[0 18 5] Sfetc, ^(D^¥**is*J\'ffiT&&ZM% 

fleftfctt. X4ESr6 O O'ClcJDjRU 2 OrpmT* 

Occ/#<B»&-C*AU ISlCPbO, Ti 
Ox (x = i. 6 7) &*ix?ti<DmftWLi>*t>limisit 
PTBMIfe. 3K»W*»&©flWer±, P 
bO : T i 0xO^e/Ht3ftS2 : 1 £ ft 5 £ 5 J^ftlW 

ECPb/Ti) = 2. O 
t Lfco 

[0 18 6] :opt»M (JH^it) Zl&ytxmft 

P b/T i = 1 . OO 

F(Pb/Ti) = 1 . 0 0 

E(Pb/Ti)/F(Pb/Ti) = 2. 0 0 
ift£o 

[0 18 7] SfelcrOPTRil^ SrRuOa (£A 
T\ SROiv>5) IK (SMtttfHWBD *r*riltfc. 

JDiRU 2 Orpm-CECSii-fc. tit, /XA-^b®* 
Hi;tf*£2 5cc/»0«^T*AL, &JRSr£&mR 

«tU, SROBtSr»fc. 

[0 18 8] ^OfijJOSROtt, *llfctfci:#l-R 
ia^o^^>f M«e£**K JfcSStlil x 1 0" 4 Qcm 

[0189] £ b\ZZ<D±.l^ PTmbSROmtZ* 

fc»*LT, PT/SROaiSSWCo PTmcDS 
Jl&te 3 1 i L*io P rm<Dm£ lil Oniric U SRO 
ROffStt Irani Lfc. 
[0 19 0] w£^flS®»K^, X»ia«r, RHEED, 

aas^paa item) sb-*****, s& 
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^T, JIS B 0610fc*3+;K¥JS>fi£Rz (£*PS£5 
OOnm) fciBKLfcfcr^ ¥*SrC0. 4 3nm\ g^T 
0. 8 0nm\ */KC0. 1 2nnrC*>ofc. ttt, 
Sgr©8 0%aiTRz^0. 6 0nmOTt*fcofc o 
[0 19 1] ro««»Dt^tr^^i/^^*igffSrO. 
lrrmxo. lmrnDir/W^filU -?r^>«S (PTR* 

[0192] r^ma^, #»w©8W««-ewu £ 

J5i5 3 0 0nmmS^±i^V^*£T* 1 i>PT^ (0 0 

[0193] mmm2 

JSlfifcll iWI«teLT* Si(100)/Zr0 2 (001)(10nm)/BaTi 
Os (001 ) (1 OOnm) /Pt (001 ) (1 OOnm) ^ if * * $/ * yu«3S# 

[0 19 4] c©^.tf^*^'Y^fll3tffSr3R**«i: 

-c, pti mmmftmm) iPbRuOx (bt, p 
mmmm&mtio PT^ai»i3ii:u 

ftfcPTBI«r*J5KLfc. PTfltG>ffSli2 Onm, PRO 

[0 19 5] PTKttJQMl iB«l-Lt»*Ufc. 

PROK^^tcBKU-CH, 41\ SOMfll^PTflBB 
^iri^Stc, ^=E&6 0 O'CicflPf&U 20rpm"C[E] 

4r 1 Occ/»OW-&"CWAL, £«±KP b 0*5±tf£: 
JSR u fc*ft*h,oR»**>fe«*S** r. i tc<t D , 
PROg^lt IKJBJH^fcOflM&tt, PbO : Ru<D 

E(Pb/Ru) = 2. O 

at 

[0 19 6] rcOPROBSOfcREfc (JH^it) *r*3l6X» 
^0 Pb/Ru=l. 0 5 
F(Pb/Ru) = 1 . 0 5 
E(Pb/Ru)/F(Pb/Ru) = l. 90 

[0 19 7] rtO*a^^PRO(^, ^n^^^f b«3t 
Srl>*>, Jt»ttttl x l o- 4 QcnrC*>?K *mt±Tfc 

[0198] ^<n&o\z\^xmzMmmm&. x^m 

50 RHEED. aiim?R*tt (T EM) ^^^^ 
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w^fcis*, afi-hJc^LfcWKo-r^Tds too 

r^SUIS^Slco^T, J IS B 061 OK J: S+ 
^3P*9a*R2 (lif^5 0 0nni) «r9]J£Lrt: £ CI 
¥*£"?0. 3 9nm, i^-CO. 7 5nm, ft/h~CO. 
2 0nnrC*>ofc. *L1\ aS361B0f<O 8 0 %£JLk"CR z 
^0. 6 0nm^T*Cfcot 0 

[0199] roMawwcov^ nm&n tmm\z 

LT«a»«S:iH3SLfctr^. 3 2 M C/cm 2 Tfe 9 , 

[El 1 ] SiK«^ (PbTiOa) ?5R<E>~»c5cJE2J i 
[B2] (a) , (b) &£Xf (c) tt, 

[El 3] *«M^3S««*WBI^»*^^^ ,k felT'SSS* 



40 



70 



[B4] (a) 1*1 X 1 0>SEffi*»ORHEED'<*- 
v«r^-r«a:ia'C*>9. (b) li2XK 1X2*)5Vn 

1 ft*3£B 

1 a H£« 
2 

3 sfc/l/^ 
4 
5 
6 
7 
8 
9 

1 0 
1 1 



p b o^gsgfl 
T i Ox 



[Ell ) 



119 2] 



PfeTiO* ©ZJc5cJ6rfrtft»tt 



OS 
018 
0.7 
0J6 
05 
0.* 















1 


1 i iL i 
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HftLfcft 



(a) 



(b) 



(c) 



J&RA 
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(51) IntCI. 6 MBUffi-g- 
// HO 1 L 39/24 Z A A 
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HOIL 31/08 
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